Natural dye-sensitized solar cells (NDSSCs) have gained important interest in the field of solar energy owing to their low production cost, simple fabrication and good efficiency. In the present study, SnO2 nanoparticles were prepared by chemical precipitation method. The photoanode is fabricated using doctor-blade technique. In this paper, the dye molecules absorb light and make excited electrons the technique adopted, which in revolve create current in the output terminals of the cell. Graphite coated glass was used as the counter electrode. The prepared nanoparticles are characterized by powder X-ray diffraction (XRD), scanning electron microscopy (SEM), energy dispersive X-ray spectroscopy (EDX), and UV-Visible spectroscopy. XRD analysis confirms the structure of tetragonal structure with rutile phase, and crystallite sizes 20-30 nm. Curcuma longa dye extract used as photosensitizer. FTIR results show the M-O (Sn-O) bond with no other distinct impurities from the chemical reactions that were used for SnO2 preparation. Finally, photocurrent-voltaic characterization of nano-crystaline natural dye solar cell using I-V studies. It was found that the levels of short-circuit current (Jsc), open-circuit voltage (Voc), fill factor (FF) and overall conversion efficiency (η) of Curcuma longa dye extract. Further suggestions to improve the efficiency of NDSSC are discussed.
Introduction
Solar cells are very gifted for directly converting solar energy into electric energy without pollution, sound, or moving parts. The growth of energy generation from solar cells is significantly increased and becoming the best with all the renewable technologies [1] . As the third generations of solar cells, dye-sensitized solar cells (DSSCs) are low cost and simple manufacturing when compared to silicon-based solar cells. Moreover, DSSCs are attracting great research interests, especially how to improve performance and stability [2] . However, improving the efficiency of DSSCs is not a simple task as there are a lot of variables and many layers involved. Two main key layers that are researched and still require to be optimized are semiconductor photoanodes and dyes. Both are a sensitizer for absorbing ultraviolet and visible lights [3] [4] [5] , a generator for charge carriers, and transporter electrons into the layer of transparent conductive oxide. An example of text Dispersing nanoparticles smaller than 100 nm of diameter into water, ethylene glycol, engine oil, and other base fluids was defined as nanofluid [1] . Most of the earlier literature reported that adding of nanoparticles into base fluid enhances the convective heat transfer presentation. Owing to the attendance of nanoparticles, the thermophysical of nanofluids can dramatically change such as the increased thermal conductivity, density, and also viscosity, and the reduced specific heat without severe sedimentation [2, 3] . Another function of semiconductor photo-anodes is to adsorb dyes. Strong dye adsorption on the semiconductor photo-anode surface is required for efficient DSSCs [6, 7] . The adsorption capability is affected by immersing time, dye concentration, dye acidity, immersing temperature, solvent, semiconductor size, and semiconductor porosity.
Up till now TiO2 is the best understood and successful anode material prototype in DSCs owing to its good chemical stability, high density of states in its conduction band, and suitable band alignment and electronic coupling with a great range of organic and inorganic dyes. However, the rather low electron mobility through nanocrystalline nanoporous TiO2 photoanodes (ca. 0.1 cm 2 V -1 s -1 ) and the photocatalytic activity of anatase titania have led to crucial limitations both in terms of further performance improvement and long-term stability of the cells. Along with zinc oxide (ZnO) [8] , tetragonal tin dioxide (SnO2) is a promising alternative functional material to be used as a photoanode in DSSCs [9] owing to its larger bandgap (3.6 eV), more positive conduction band making it for a better electron acceptor and much higher electron mobility both as bulk (ca. 240 cm 2 V -1 s -1 ) [10] and as a nanocrystalline material (ca. 125 cm 2 V -1 s -1 ) [11] . As an effect, faster electron collection and better long-term stability under illumination of the corresponding devices should be conceptually achieved by using SnO2-based electrodes.
All these studies employ low-cost natural dye, eco-pleasant however they still utilize an expensive metal such as platinum (Pt) as a counter electrode owing to its high catalytic activity. Though, a few information have claimed that platinum gets decomposed with triiodide containing electrolytes and forms platinum iodides such like PtI4 [12, 13] . Large-scale solar energy conversion systems involve in abundance obtainable lowcost materials in the long run and so there is a need to investigate a counter electrode that is less costly and noncorrosive in electrolyte [14, 15] . In this investigation, we have used graphite as a counter electrode in order to reach this goal.
In this manuscript we reported synthesis of SnO2 nanoparticles using chemical precipitation method. The synthesized nanoparticles were employed for DSSC application using doctor-blade techniques. So, future, there have been a very few reports on DSSC applications by natural dye extract. In this study, we report the interesting natural dye is extracted from turmeric roots with using graphite as a counter electrode which are cheap and available. Unfortunately, the efficiency of DSSCs with turmericplatinum based DSSC from previous studies is still low, i.e.0.264% [16] , 0.6% [17] , 0.63% [18] , and 0.03% [19] . To the best of our knowledge, this work constitutes the first example of SnO2-based photoanodes for DSSC application using turmeric natural dye-graphite coated counter electrode showing both enhanced photoconversion efficiency and long-term stability in DSSC.
Experimental Methods

Materials
All chemical reagents were procured with AR purity, and used directly without further purification. SnCl4.5H2O, ammonia, and H2O2 were purchased from Sigma Aldrich. Using chemical precipitation method SnO2 samples were prepared according to the reported procedures in the literatures [20] . The materials used in this experiment were flourine tin oxide (FTO) coated glass plate (Dyesol, Australia), Triton X-100(Merck, Germany), ethanol (Germany) and acetone (Germany), dye extracted from turmeric, graphite, potassium iodide, iodine and acetonitrile.
Preparation of SnO2 Particles
In chemical co-precipitation method, SnO2 nanoparticles were prepared using dissolving 1 g stannous chloride dehydrates in 100 mL distilled water. After complete finish, 4 mL ammonia solution was added to the above solution by drop wise under stirring. Further the solution was stirred for 2 h, and then few drops of H2O2 were added while stirring until the solution changed its color. The result was then washed and filtered two times, finally, calcined at 500 °C for 2 h. The calcinations temperature was used 500-600 °C because modifications of SnO to SnO2 by direct heating [21] .
Electrode Preparation
The synthesized SnO2 nanoparticles (1 g) were ground in a porcelain mortar with 0.5 mL of water containing 50 µL of acetylacetone till getting a viscous paste followed by slow addition of 2.5 mL of water and 20 µL of Triton X-100 under continuous grinding. From this colloidal mixture, photoanode (0.25 cm 2 area) was prepared on a FTO conducting glass (Pilkington, TEC-7, ~6 ~ 8 ohms/square) using doctor-blade technique. The film was then dried and sintered at 450 °C in a muffle furnace for 30 min and allowed to cool upto 80 °C. Fig. 1 shows the SnO2 coated glass plate which was soaked in turmeric dye for 24 h in dark and sealed place. Then glass plate was washed using ethanol and dried in air for few minutes. 
Soaking of Electrode
Electrolyte Preparation
Electrolyte was prepared by mixing 0.127 g (0.05 M) of iodine and 0.83 g (0.5 M) potassium iodide in 10 mL ethylene glycol. The electrolyte solution was stored in a black bottle by wrapping with aluminum foil. Fig. 2 shows the graphite coated counter electrode. To make the counter (positive) electrodes, the conducting side of the uncoated FTO plates were coated with help of the soft pencil to spread the entire conductive side of the FTO plate. Fig. 3 shows natural dye of turmeric extract. Curcumin was extracted from commercially purchased turmeric powder prepared from the ground rhizome of Curcuma longa L. Approximately 0.25 g of the sample was dissolved in 50 mL of ethanol. The extractants were properly stored, protected from direct sunlight, and used further as sensitizers in DSSCs [22] . Fig. 4 shows image of dye sensitized solar cells. Electrode and counter electrode were joint mutually keeping SnO2 paste coated surface and the graphite coated surface face to face. Few drops of electrolyte solution was given in the contact of two glasses and by the capillary action the electrolyte was uniformly distributed throughout the stained SnO2 film. Using cotton or tissue to remove the excess electrolyte from the exposed area of the glass. The whole cell was then taken to sunlight for illumination. Fig. 5 shows the mechanism of DSSC and total configuration of our DSSC. Under illumination of sun light energy, photon will hit through conductive layer glass; fluorine-doped tin oxide (FTO) towards dye molecules which rise on the surface of SnO2 particles. The photon excitations of dye will basis an injection of an electron into conduction band of the SnO2 layer. These electrons will go the external loop during the load. For the moment, dye molecule which had lost electron will be restored by electron donation from redox electrolyte (contain iodide/triiodide), which in this experiment; a combination of potassium iodide (KI) and iodine (I2) [23] . This procedure occurs very fast avoiding any recombination of electrons discarded former. Under illumination, voltage is generated during potential difference between Fermi level of SnO2 layer and redox electrolyte. Fig. 6 shows the diffraction pattern of synthesis SnO2 nanoparticles. The pointed and high intensity peaks in X-ray diffraction (XRD) pattern; it indicates the material with high crystallinity. From XRD pattern all the reflection peak positions can be indexed as tetragonal SnO2 phase. While additional impurities, such as metallic Sn and other tin oxides are not observed. Though, the diffraction peaks are broadened owing to the small crystallite sizes of SnO2.
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Structural Analysis
Using Bragg's diffraction equation 2 = , where d = interplanar spacing, θ = angle of diffraction, n = order of diffraction and λ = 1.54 Å (wavelength of X-ray), the 'd' values are calculated for different planes. Scherrer's formula = 0.9 / , where, D is crystallite size, β is FWHM of the observed peak, λ is wavelength of the X-ray and θ is angle of diffraction, is used to estimate average crystallite size, of SnO2 samples prepared, using its (110), (101), (200) and (211) orientations. The calculated crystallite size of SnO2 from Table 2 is in the range of 20-30 nm. The smallest crystallite size has largest specific surface area, which will be helpful for more dye adsorption and will help to enhance photovoltaic performance of the cell made of this. 
Surface Morphological Analysis
The sponge-like structure in SEM image of the top view of SnO2 film coated on TCO electrode is shown in Fig. 2 . The film is about 12 μm thick and the spherical SnO2 nanoparticles are homogenously spread within the SnO2 layer it shows like flower. No rupture on the surface and no gaps between the coatings were observed, it represent, brilliant inter-particle connectivity and inter-layer attachment. Fig. 8 shows the optical absorption spectra of synthesized SnO2 photoanodes. A broad absorption edge in the ultraviolet region near ~355 nm is observed, which corresponds to a typical rutile SnO2 absorption edge in the UV region. This peak usually occurs owing to the charge-transfer from the valence band to the conduction band of SnO2. The resultant band gap energy is predictable from the graph of (Absorbance) 2 vs. hν and is shown in Fig. 9 . The band gap observed band gap is 3.64 eV. The experiential band gap is higher than the reported band gap of bulk SnO2. The observed higher band gap of the SnO2 confirms the structure of nanocrystalline nature of SnO2. The increase in band gap of SnO2 is too related to the porosity of the film [24, 25] . 
Optical Properties
FTIR Analysis
FTIR spectrum is recorded in the region 4000-400 cm −1 . Fig. 10 shows the FTIR spectra of SnO2 samples synthesized SnO2 samples. A high intense and broad band in the range of 3500 to 3200 cm -1 is assigned to O-H stretching of water molecule absorbed on the surface of SnO2 [26] [27] [28] [29] [30] [31] [32] [33] . The major IR peaks corresponding to Sn-O and O-Sn-O bond vibrations appear in the range of 700-400 cm -1 . The strong peak appeared at 620 cm -1 can be assigned to Sn-O-Sn [34] . The presence of vibration peaks attributed to Sn-O bond vibration confirms the formation of SnO2. Fig. 11 shows the IR spectra of curcumin. The spectrum of curcumin in the present study coincides with that reported by Zebib et al., [35] . The broad band at 3341 cm -1 was assigned to the vibrations of the free hydroxyl-group of phenol (Ar-OH). The bands at 719, 815 and 962 cm -1 were attributed to the bending vibrations of the C-H bond of alkene groups (RCH=CH2). An intense band at 1745 cm -1 assigned to the vibration of the carbonyl bond (C=O) accompanied by a small shoulder at 1712 cm -1 was attributed to the Keto-enol tautomerism of curcumin. The bands at 1463 and 1378 cm -1 corresponding to the vibrational mode of C−O elongation of the alcohol and phenol groups confirmed the extraction of curcumin from turmeric.
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Performance of Fabricated Cell
Photovoltaic tests of the fabricated DSSCs using these natural dye as sensitizers and graphite coated counter electrode were performed by measuring the I-V curve of cell under irradiation with white light (100 mW/cm 2 ) from xenon arc lamp and at room temperature (22.3° C with cell area 0. 25 cm 2 . The values of fill factor (FF) was calculated by applying the following generalized equation FF = Pmax/ISC.VOC, where VOC and ISC respectively the open circuit voltage and short circuit current; Pmax is the maximum power delivering point. The I-V characteristics of the prepared DSSCs taking turmeric dye, as the natural dye by using Doctor-blade with SnO2 nanoparticles is shown in Fig. 12 . The photoelectric conversion efficiency (η) of DSSC is given as η = (ISC.VOC/Pin) x FF, where Pin is the incident light power. Table 3 shows the data acquired from measuring the photoelectric conversion efficiency of the DSSCs. The DSSC output power was calculated using the I-V data. Fig. 12 shows the power as a function of V for the DSSC sensitized by turmuric dye extract. According to Sreekala et al. [36] a better photovoltaic performance was obtained when the curcumin dye was extracted with acetone as a solvent, they obtained efficiency; open circuit voltage (Voc), short circuit current density and fill factor of 0.63%, 0.43 V, 1.35 mA cm -2 and 0.517, respectively. In the present study, using ethanol as the extractant, using graphite an counter electrode the efficiency, Voc, current density and fill factor was 0.039%, 0.50 V, 2.58 mA cm -2 and 0.088, respectively.
Conclusion
In summary, using chemical precipitation method tetragonal structured tin oxide nanoparticles were synthesized. Graphite coated FTO used a counter electrode, natural dye extracted from the turmeric used a photosensitizer and liquid electrolyte KI3 were used to assemble DSSCs. Natural dyes as another sensitizers for DSSCs are predictable to be promising because of several reasons such as the effortless preparation technique and little charge. The SEM picture of the SnO2 film shows that the nanoparticles are non-homogeneous and has a spongy agglomerate structure consisting mainly of spherical crystalline particles. While the efficiency of the using natural dye and graphite coated counter electrode on SnO2NPs based liquid-state DSSCs is low, we trust that the performance of these cells can be better further with employing an efficient dyesensitizer.
